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EFFECT OF HYPOKINESIA ON CARDIAC CCNTRACTHE FUNCTION 
AND NERVOUS REGULATION OF HIE HEART 

Meyer son, F. Z., V. I. Kapel'ko, M. S. Gorina, 

A. N. Shchegol'kov and N. P. Larionov* 

It is well known, that ad ap tation of the heart to prolonged change in the lev- '1138* * 
el of load as a function of the siae of the load may lead to three different condi- 
tions: deadaptation of the heart in hypokinesia, adaptation of the heart with train- 
ing and finally compensatory hypertrophy in cases of circulatory illnesses, the last 
mentioned having been designated as cardiac transadaptation [ 4 ] . 

The theory that is currently developing in regard to the mechanism of these 
three conditions [14] calls for a detailed comparison of the contractile function of 
the myocardium in adaptation, transadaptation and deadaptation of the heart. Mean- 
while, in contrast to adaptation and transadaptation , the contractile function of the 
heart in deadaptation that has been induced by hypokinesia was the subject of only i- 
solated research projects [11] and was not subjected to quantitative evaluation by 
modem methods. 

The purpose of the present research is to assess the heart's punping function as 
well as the processes of contraction and relaxation of the cardiac muscle in longterm 
hypokinesia and on such a basis to compare the function of the organ in the three ba- 
sic conditions that characterize its longterm adaptation to a changed load level. 

Methodology . In the morphology laboratory of the Kiev Research Institute for Medical 
Problems in Physical Education hypokinesia was produced in young rabbits by placing 
each animal in a separate narrow cage. The hypokinetic period lasted 3 months. Dur- 
ing that time the animals' weight increased slowly or even decreased. 3 animals /1139 
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out of 9 after 1.5-2 months presented paralysis of the hind limbs. In these animals 
after 3 months, regardless of weight loss, the weight of the left ventricle had in- 
creased 34% and the relative weight 63%. Relative weight of the right ventricle had 
increased 40%. Experimental results for these animals are not included in the re- 
sults. For the remaining 6 animals there was no difference in the weight of the ven- 
tricles as canpared with control rabbits of the same weight. These animals and 9 
oontrols were subjected to acute experiments under urethane anesthesia (1.6 gAg) 
with open thorax and artificial, respiration. For measuring pressure the cavity of 
the left ventricle was catheterized through the apex and electromagnetic fluorometric 
Nihon Kohden sensors were placed on the ascending aorta and left carotid artery. A 
Mingograf-34 was used to record blood flow in these vessels and the pressure in the 
left ventricle together with its differential curve. 

These processes were recorded during the stabilization stage 10 minutes after 
oonpletion of the preparation and likewise when there were two functional loads: an 
increase in contraction rate and 30 second clanping of the ascending aorta. Contrac- 
tion rate was inposed by electrostimulation via an electrode attached to the right 
atrium. The rate was increased, starting from the initial level, 0.5 Hz at a time 
until a pronounced alternation appeared. 

In order to determine adrenoreactivity there was a single administration of nor- 
epinephrine (0.5 micrograms Ag ) and for the assessment of cholinoreactivity excita- 
tion of the peripheral segment of the vagus nerve following bilateral vagotomy. The 
excitation parameters were: frequency 20 Hz, length 5 milliseconds, initial anpli- 

tude 2 volts with subsequent lowering to threshold value. Sequence of experimental 
steps was as follows: increase in frequency, administration of norepinephrine, re- 

section of vagus nerves with excitation of the right nerve, aorta clamping. 

The following indices were calculated: index of the intensity of functional 

structures - multiplying the pressure being built up in the left ventricle by the 
contraction rate and then dividing into the weight of the ventricle; contractile 
index [18] - dividing maximal speed of pressure development into the value for the 
pressure being developed at the moment of maxinum speed; relaxation index [5] - di- 
viding the maximal speed of pressure drop into the value of the systolic pressure 
being developed; stroke volume - by the area under the blood flew curve; time of 
isometric contraction - from the beginning of the rise in pressure to the beginning 
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of ejection; time of relaxation - fran the end of ejection until the ventricular 
pressure drops to the diastolic level; diastolic pressure in the aorta - by the a- 
mount of systolic pressure in the ventricle at the moment when ejection begins; neg- 
ative chronotropic effect at excitation of the vagus nerve - by the degree of leng- 
thening of the interval between contractions. Following the experiment there was a 
determination of the weight of the left ventricle and the conventional method was 
used [12] to determine actcmyocin ATPase activity in a tissue specimen. 

Results of the Study. Prior to thoracotomy the contraction rate in the control expe- 
riments was 303+10/toin and did not differ reliably from the corresponding value in 
experiments on the animals subjected to hypokinesia, 282+22. 

Table 1 presents data characterizing the punping function of the left ventricle 
and the contractile function of the myocardium. Contraction rate, minute volume and 
stroke volume showed no reliable difference from control values and this agrees with 
observations on humans [10] . 

At the same time there was an essential difference in the indices for the con- 
tractile function of the myocardium. The difference lay in the fact, that when there 
was no change in systolic pressure and the structural functioning index characteriz- 
ing functional load exerted on a unit of muscular mass the cardiac muscle of animals 
in hypokinesia was marked by a significant drop in the contractile index and relaxa- 
tion index and likewise by a much slower buildup and letdown of pressure in the ven- 
tricle. The slowing down of contraction and relaxation processes in the heart mu- 
scle of animals in hypokinesia was not acccrtponied by reliable changes in the phasic 
structure of systole and diastole. 

There was also no change in the indices for maximal volume rate and linear rate 
of ejection into the aorta. The concurrence of a 42% drop in the speed of pressure 
buildup and a practically unaltered ejection rate may be conditioned, as the data in 
Table 1 show, by the drop in diastolic pressure and resistance in the aorta. 

The reduction in overall vascular resistance under the influence of hypokinesia 
is a rather well known fact [3] and in our experiments this reduction was accompanied 
by a sharp rise in the flow of blood through the carotid artery of hypokinetic an- /1140 
imals: maximal flow rate and overall amount of flow per min rose 1.6-2 times (Tab.l). 
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TABLE 1. INDICES FOR CONH»CTII£ FUNCTION OF UEFT VENTRICLE A N> HBCDYNMUCS 
IN OCNTR3LS AND H Y P OK INET IC ANBALS WITH SPONTANEOUS CONTRACTION BASE 


A HoNMMea* 

R KoHTPOJlk 

it) 

CriiaOKtiaeaKB 1 
<«) 

) */• 
nenitN 

P < 

MttavTHMt o6mm (m.1) 

» 217+4 

202 ±23 

-7 


.Mhhvthm* o0mm (unittr) 

P 108+6 

100+12 

— s 


VjaDHMK O0MM (M3) 

c 0.79+0.04 

0.82+0.12 

+3.7 


Huctots coKpameiii m 1 mmr 

3 274+7 

251 ±17 

-8 


^laB.-reNie, paaanaeMoa neauu 

« 85±3 

78±5 

-9 


iKenvaoaKox (mm) 

f 11.33+0.40 




» (Pa X 10*) 

10.4+0.67 



UoKaaaTeA HOC (mm>mi7mmb) 

» » (Pa/Mr/uaa) 

% 7. 7+0.3 
B 1026 +40 

6.55+0.75 

873+100 

-15 


CKopocTfc paaavnra aaB-ieaHH 
(mm/c) 

» (Pa X 10*/c) 

1 5070+ 300 
j 676 +40 

2950+300 

393+40 

-42 

0.001 

CKopocrfc naaaaaa 

1730+80 
231 + 11 



flOBJWSBH (MM /c) 

» (PaX10*/c) 

k 2480+200 
I 331+27 

—30 

0.001 

IltUBKC COKpaTHMOCTR (C -1 ) 

01 93 + 6 

68+4 

-27 

0.01 • 

1 IitAeKc paccnafi.ieHMM (o' 1 ) 

Tl 29+2 

22 + 1 

—24 i 

0.U1 

Hpe.viH HaoMaTpmecKoro coKpn- 

O 20±1.5 

21+2 

-L-5 


meHHq (mc) 





UpoMH R3raaRi* (Mr) 

p 97-H 

118+8 

+14 


Bpeiin Bacc.ia6.ieRHfl (mc) 

fj 51+4 

53+3 

+8 


;(nacTonHiecKa« navaa (mc) 

r 53+4 

53+7 

o ; 


MaKCHManaaaii ofm-MHan cKopocTb 

s 976+53 

870+ 69 

-ii 


RSruaHHR (m.TMHH) 





ZtnaxeTp aopm (mm) 

t 5.7 + 0 A 

5.C+0.3 

-2 


MaKCBMansaan .inn?HHa« ci;o- 

U • 73+7 

65+7 

-11 


pocTb BaraaaiM (cm/c) 





^HacTo.tH'iecKoe 3aa.?enite a aop* 

V 54±3 

43+4 

-20 

0.05 

ie (mm) 



a (Pa X 10*) 

W 7.20+0.40 

5.73+0.53 



MaKcncaAbiafi cicopocTk npoTOKa 

X 32+3 

51 ±7 

+60 

0.05 

b coiflot aprepaa (mb/mib) 


+100 


npOTOK ■ COBBOM apTBpM 38 
MM (M a) 

. - .-: -3 • 

y 5. 5+1.0 

11.0+1.7 

0.02 . 


n p **«■*• a »a.aa*awm* •Hpameiio ■ mm pr. cr. a naexaaax (IP* — 133.32 mm pr. er.). 

• ‘ .. . 


Key: 


A. Indices B. Control 

a. Minute volume (ml) 

b. Minute volume (mlAg) 

c. Stroke volume (ml) 

d. Contraction rate/fain 

e. Pressure built up in 

left ventricle (ran) 

f . sane (Pa x l(r) 

g. structural function 

index (raq/fag/tain) 

h. same (Pa/tej/tain) 

i. Rate of pressure de- 

velopment (nrVsec) 

j. same (Pa x lOVsec) 

k. Rate of pressure drop 

(ran/sec) , 

l. same (Pa x 10 3 /sec) , 

m. Contractile index (&,) 

n. Relaxation index (s ) 


(9) C. Hypokinesia (6) D. % change 

o. Time of isometric contraction (msec) 

p. . Time of ejection (msec) 
g. Time of relaxation (msec) 

r. Diastolic pause (msec) 

s. Maximal volune rate of ejection (ml/min) 

t. Diameter of aorta (ran) 

u. Maximal linear ejection rate (aq/sec) 

v. Diastolic pressure in aorta (ran) 

w. same (Pa x 1(T) 

x. Maximal flow rate in carotid artery (mlAiin) 

y. Flow in carotid artery per minute (ml) 

z. Remark: Pressure expressed in ran Hg and 

in Paschals (1 Pa ■ 133.32 ran Hg) 


ufOGlNAL PAGEJS 
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TABLE 2. OONlSACmJS FU N CT IO N OP THE HEART AND HBCOSNAMXCS OF CONTROL 
AH) Bfi PO KPTI C ANIMALS AT A RATE OF 330/Mm 


A liowcaT-aa 

ET" 

W Kohtpo.ii* 

1 

“ rnnoKUeaiui 

) ■ 
ttatmi 

P< 

Jaa.-nBMe s .wm are-iyaoviw (mm) 

S So +4.5 

63+8.5 

-15 


* (Pa > j 0 >) 

0 10.67 J -0.fi0 

9.07+1.13 



Cok«mt-’ 3 > ilOC (um ur-iraa* 

c 7 . 6 + 0.33 

6.8+1.15 

-11 


» (Pa jir jimh) 

d 1013+44 

907+153 



CKopocn. paaarrafl (mm.c) 

e 4100+420 

2800+290 

-32 

0.05 

5 (Pa >' lO*.‘c) 

£ 547 + 50 

373+39 



CKopocTb najeaaa oaKietuM (mmo) 

g 2SOO-310 

1500+290 

-45 

0.02 

» (PaXilPc) 

fi 373±4i 

200+39 



Iln^SKC C3KDaT3MOCTI (O -1 ) 

1 78+5 

69+5 

-12 


IInaeKC pncr.iafi.ieKnn (> "') 

i 34+2.1 

23+2.0 

-32 

0.01 

Bpevn Dac&aafiaeinM (mc) 

V 43+6 

53+6 

+23 


^uacT'siiutevKaa nayaa (mc) 

1 33+9 

23+5 

-31 


Bpraa iMriiaHaH (mc) 

m S5±3 

83+4 

-3 


06i.ejiaa« CKOpocTb auSpoua (m;i moh) 

n 750+92 

618+S0 

—18 


VjapHMM (WMH (m.i) 

O 0.60+0.09 

0.48+0.06 

-20 


MllllVTHWii O&MU (M.l) 

P 197+30 

157+23 

-21 


^(liacro.iH' apTepaaabVoe ^aa- 

q 52+10 

40+5 

-19 


.letwe (mu) 





» (Pa X lv*) 

r 6.93±1.33 

5. 33 r 0.67 
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Key: A, B, C, D as in Table 1. 


a. Pressure in left ventricle fan) 

b. sane (Pa x 10; 

c. Structural function index fan^Ang/tain) 

d. sane (Kvfag/tain) . 

e. Rate of pressure buildup (mo/ sec) 

f . sane (Pa x lOysec) 

g. Rate of pressure drop fata/ sec) 

h. sane (Pa x lOVsec) , 

i. Contractility index (s ) 


j. Relaxation index {eh 

k. Tiee of relaxation (msec) 

l. Diastolic pause (msec) 

m. Tine of ejection (nsec) 

n. Volume rate of ejection falfain) 

o. Stroke volume (ml) 

p. Minute volune (ml) 

q. Diastolic arterial pressure fan) 

r. same (Pa x l(r) 


I^tus in animals kept in hypokinesia a long time the reduction in the rate of 
contraction and relaxation processes is ocnpensated by lowered resistance of the vas- 
cular bed. As a result the punping function of the ventricle is maintained at near- 
ly the normal level. However such ocnpensation may prove inadequate under conditions 
of high contraction rate, when adaptive changes in the rate of contraction and relax- 
ation play the leading role. Results obtained in oceparing cardiac functions in the 
controls and hypokinetic animals at an elevated rate agree with this hypothesis. 


Table 2 presents parameters of cardiac function at the maximal rate, which was 
used in all experiments: 330/tain. The Table shows a clearer retardation in myocar- 
dial relaxation for hypokinetic animals — relaxation rate was 46% lower and relaxa- 
tion index 32% lower, where as at the initial rate the speed was lower by 30 and 24% 
respectively (Table 1) . As a result myocardial relaxation time for these animals 
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f 

1 

f 

! 

j TABLE 3. FUNCTIONAL INDICES OP 1ST VENTRICLE AT SHORT TERM AORTA OAMPINS 


i 

I 


l 


^ Hokmmmh m 3—5 e 

1 KoHfpeaa 

Q RMMnHM • 

D 

•/* tHMpmMJV 

VacTOTa coKpameattA (a **«) 
PaaaMaaeMoa aawiaaae (mm) 

* (Pa X 10*) 
nofc-aaaTMb HOC (mi/Mr/ww) 

» (Pa/MT/MW) 

CKopocTa' paataraa <uum ami (km c) 

. * (Pa X I0*/o) 

C KopocTi* aaaaam flaaaeaa* (mmic) 

* (PaX 10 */c) 

IJaaeKC coKpamiocTa (c -1 ) 

IlajeKo paee.ia6.iami (c -1 ) 

* 239+14 
b 156+8.5 
C 20.8+1.1 
A ll.8iO.3S 
e 1546+48 
f 3510+420 
e 468±56 
n 2320+210 
I 309+28 
j 67+9 
k 14.8±0.6 

226+8 

172+14.8 

22.8+2.0 

42.3+0.83 
1640+113 
4300+670 
573+89 
2600+480 
347+84 
81 ±3 
45.0+4.6 

-6 

+10 

+5 

+22 

+12 

-10 
+1 . 

A*. Indices for 3-5 sec 

B,C,D as in Table 1 



a. Contraction rate (in min) 

b. Pressure buildup (ran) 

c. sane (Pa x 10) 

d. Structural function index 

(*rv/tog/tain) 

e. same (Pa/mg/tain) 


f. Pressure development rate (mn/sec) 

g. same (Pa x 10/sec) 

h. Pressure reduction rate (ira/sec) 

i. same (Pa x 10/sec) . 

j. Contractility index (sec ) 

k. Relaxation index (see ) 


increased and there was a decrease in the diabolic pause in ocnparison with the con- 
trols. These changes went hand in hand with notable diminution in minute volune at 
a high ispossd contraction rate. The value far minute volume in hypokinetic ani- /1142 
mala went down 22% as ccnpared with the initial level (Table 1) , whereas in the con- 
trols the inposed frequency produced no significant reduction — 9% alt oget h er. 

In connection with another type of cardiac load — 30 sec aorta clamping — all 
functional parameters for the left ventricle of hypokinetic animals shewed practical- 
ly no difference from control values (Table 3) . Thus there was no encroachment on 
the ability of the myocardium to generate power under the influence of hypokinesia. 

Definite differences between control and hypokinetic animals were also noted in 
an evaluation of the sensitivity of tbs circulatory system to neural influences. It 
follows from Table 4, that in control experiments systolic pressure as well as the 
speed of myocardial co n t rac tion and relaxation rose by 44-701 under the influence of 
norepinephrine. At peak effect there was likewise an increase in the maximal speed 
of ejection amounting to 36% and stroke volune increased 23%. At the same time there 
was a rise in diastolic pressure in the aorta, expressive of the vascular o en p o n e nt 
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TABLE 4. EFFECT OF NOREPINEPHRINE ON DOICES OP CARDIAC CO N TR A CT IL E 
PUOION AH) HEMODYNAMICS (IN t OP INITIAL MUSS) 


A jToMMrua 


Mj 

JQjQB 

l»< 


a Mrl’> 

112 -3 

-32 

0.05 

‘lacTota coKpaiscHiM 

b 1*7 — 1 

1U1 4- <1.5 

-H 


IIoKaaaTe.ib !K£>(' 

c r*o±ir> 

11.3-3 

—27 


MfTHVTHWil biUH 

3 122-*-8 

115 fa 

—7 


V.tbpHWii O&MM 

e 

1l3f5 

—10 


(.Kopocn. paaaMTsa aaanaaaa 

£ 1*7 -rlj 

123-9 

-1U 


II r .3rKC COKpHTHSIUl'TU 

fi 125±» 

120 ■*■8 



JaacTn.iuMfCKoe aaB.ioHae n aoprt? 

n 

107 -a 

—29 

0.05 

MOKCUMU.IbriaM OOVMIBaM CKOpncTb 

1 138x12 

117x4 



r.3nuiNHH 





Ckopoctu paucnaG.ieHnn 

i 1704-3:} 

120-8 



I’aaeKc pacc.iao.waaa 

£ 118 — 33 

107-5 



Dp^MH iiarimrina 

I 1*7 -1 

DS-2.5 



Lp»ua purf.iao.ieHUa 

m U3-7 

108 — 7 



, InucTo.ui'i'fKaa navaa 

n 131 x 14 

lU5xa 




KEY* A,B,C as in Table 1. E. Difference (in t) 


a. Pressure building up h. 

b. Contraction rate i. 

c. Structural function index j. 

d. Minute volute k. 

e. Stroke volute 1. 

f . Rate of pressure buildup m. 

g. Contractility index n. 


Diastolic pressure in aorta 

Maximal volute rate of ejection 

Relaxation rate 

Relaxation index 

Ejection tine 

Relaxation time 

Diastolic pause 


of norepinephrine action. In hypokinetic animals the effect of norepinephrine was 
less p ronounced in respect to all parameters; however a statistically reliable dif- 
ference w as observed only when comparison was made of the increase in pressure in 
the left ventricle and aorta. In the hypokinetic animals these indices had dropped 
by 29-32% (Table 4) . Inasmuch as the value for pressure increase in the ventricle 
is regularly associated with the degree of increase in vascular resistance, the re- 
sults obtained allow us to suppose, that the reduced inotropic effect of norepineph- 
rine should not be regarded merely as an expression of reduced ca r d i ac adrenoraacti- 
vity; it may be conditioned by the reduced rise in vascular resistance remalting 
from the lowering of adr en oreactivity of the vascular bed. 

Excitation of the vagus nerve showed a negative c hr ono tr opic effect, which in- 
creased with increased intensity of the excitation (Figure 1) . No matter what the 
intensity of the excitation, the magnitude of the effect on the heart of hypokinetic 
animals was about twice that in the controls, ttie threshold excitation value showing 
the minimal effect in these animals was likewise reduced by 22% (p < 0.05) , 
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All In all the data testify to the fact, , 
that under the influence of prolonged hypo- 
kinesia there is a red uc tio n in the rate of 
co n t ra ction and relaxation of the cardiac 
Ruscle with unaltered contractile power. 
Hypokinetic animals are distinguished by 
greater depression of the contractile func- 
tion when the contraction rate is increased, 
by decreased adrenoreactivity but height- 
ened cholinoreactivity. 


Evaluation of Results. Longterm hypokinesia 
leads to deadaptation to physical load. For 
this reason the results obtained are best 
coppered with data on the contractile func- 
tion of the heart in a oontext of adaptation 
to physical load. It has been shown that 
the ca rd ia c muscle of animals adapted to physical loads is distinguished by an in- /1143 
crease in the speed of contraction and relaxation [8], reduced depression of func- 
tion when the rate is increased [2] , increased adrenoreactivity [20] but unaltered 
maximal contractile power [2,8]. 

These data attest to the fact, that the effects of adaptation and deadaptation 
on the contractile function of the heart are opposed but share a oornno n trait in that 
both these shifts in the regime of motor activity affect for the most part the rate 
of shortening of the ca rdi a c muscle and have little effect on its contractile force. 

In a d ap tation to physical loads acceleration of the process of myocardial con- 
traction, as is now positively known [13,19] , is conditioned by an increase of AJPase 
myocin activity, while the acc e leration of relaxation is influenced by an increase 
in the "calciun pimp" capability of the SR to absorb Ca 44 ions from the miofLjrils 
[15] . Therefore the physiological changes established by the present study of thaw- 
selves let us hypothesize the presence of cor re spon d ing AXPase myocin changes and 
"calciun pimp" changes in the myocardial cells of animals under prolonged hypokinesia. 
Actually, the biochemical study we made on the animals used in our experiments have 
diown, that the ATPase activity of actairyocin in control animals was 53+8, whereas in 



Fig. 1. Dependence of value of 
negative c h ron o tropic effect of 
vagus nerve in controls (light 
circles) and hypokinetic animals 
(dqrk circles) upon intensity of 
nerve excitation (in volts) . 
Effect was measured by ratio 
between maximal int er o o ntractlon 
interval at nerve excitation and 
value of initial interval (M4m) , 
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hypokinetic animals it was 30*5 pVta&tain and had dropped by 43% (p<0.05), i. e. 
to the on degree ae the co n tr a c t ion rate. 

At thin tine there are no data on the capability of SR front the hearts of hypo- 
kinetic animals to absorb Ca**. Our data on the reduction in the relaxation index 
permit us to theorise, that a reduction in the rate of absorption of Ca** by frag- 
ments of reticulum from the hearts of these animals is a probability. 

A comparison of the changes described above in respec t to the contractile func- 
tion of the heart in deadaptation with the changes observed in ooe p e na atoty cardiac 
h yp er tr o ph y induced by constriction of the aorta in animals or by diseases of the 
circulatory system in humans reveals a great similarity between these two conditions. 
Thus, in compensatory hyper tr ophy one ob s erve s a reduction in the maximal speed and 
power of co ntracti on [1,17] , a reduction in the s p eed and index of relaxation [5,6] , 
a reduction in the activity of the Ga punp [16] , a reduction in the concentration 
of catecholamines in the myocaxditm and a reduction in cardiac adrenoactivity [7,9] . 

Thus the date obtained agree with the theory referred to before, that changes 
in cardiac function and metabolism in deadaptation and transadaptation are character- 
ized by a pronounced ocnmonality and o p poee d to changes due to training, i.e. in op- 
timal adaptation of the heart. The mechanism of these relationships may be explained 
on the basis of the theory of the decisive role played by structural relationships 
in long t er m adaptation and this is the subject of special study. 
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